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REMARKS 

Entry of the foregoing amendments is respectfully requested. 

Summary of Amendments 

Upon entry of the foregoing amendments, claims 1-16 are canceled and claims 
17-36 are added, whereby claims 17-36 will be pending, with claims 17 and 26 being 
independent claims. Support for the new claims can be found throughout the present 
specification and in the canceled claims. In particular, claims 1-16 have been rewritten 
as method claims. 

Applicants emphasize that the cancellation of claims 1-16 is without prejudice or 
disclaimer, and Applicants expressly reserve the right to prosecute these claims in one 
or more continuation and/or divisional applications. 

Summary of Office Action 

As an initial matter, Applicants note with appreciation that the Office Action 
indicates that the claim for priority is acknowledged and that certified copies of the 
priority documents have been received. 

Applicants further note with appreciation that the Examiner has indicated 
consideration of Information Disclosure Statement filed August 12, 2005 by returning a 
signed and initialed copy of the Form PTO-1449 submitted therein. 
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The present Office Action alleges that Applicants have failed to comply with one 
or more conditions for receiving the benefit of a prior-filed application under 35 U.S.C. § 
119(e), 120, 121 or 365(c). 

The present Office Action further alleges that the executed declaration filed 
together with the present application does not acknowledge the filing of any foreign 
application. 

Claims 1-16 are rejected under 35 U.S.C. § 101 because the claimed recitation of a 
use or an intended use, without setting forth any steps involved in the process, allegedly 
results in an improper definition of a process. 

Claims 5-8 and 10-16 are rejected under 35 U.S.C. § 112, first paragraph, 
because the specification, while being enabling for a method of treating allergic 
diseases, allegedly does not reasonably provide enablement for the prevention of all 
allergic diseases. 

Claims 1-16 are rejected under 35 U.S.C. § 112, second paragraph, as allegedly 
being indefinite. 

Claims 1-16 are rejected under 35 U.S.C. § 102(b) as allegedly being anticipated 
by US Patent Application No. 2002/0010159 to Weigele et al. (hereafter "WEIGELE"). 

Response to Office Action 

Withdrawal of the rejections of record is respectfully requested, in view of the 
foregoing amendments and the following remarks. 
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Response to Alleged Non-Compliance With the Conditions For Receiving The 

Benefit of an Earlier Filing Date 

At pages 2 to 4 under the heading "Priority" the present Office Action alleges that 
Applicants have failed to comply with one or more conditions for receiving the benefit of 
a prior-filed application under 35 U.S.C. § 119(e), 120, 121 or 365(c). 

From the Examiner's comments it appears that there may be a 
misunderstanding. In particular, the present application does not claim the benefit under 
35 U.S.C. § 120 of any prior filed U.S. application (including any U.S. application which 
is a National Stage of an International Application filed under the Patent Cooperation 
Treaty), but is itself the National Stage of an International Application, i.e., there is only 
one U.S. application. As such, the present application is entitled to the filing date of the 
International Application of which it is the National Stage without the need to make a 
specific reference to the International Application. In other words, the present 
application is neither a continuation (or continuation-in-part) nor a divisional application 
of any prior U.S. application. 

In view of the foregoing, Applicants respectfully submit that the present 
application is entitled to a U.S. filing date of November 3, 2003 (i.e., the filing date of 
International Application PCT/KR2003/002332). 

Response to Alleged Non-Compliance with the Requirements of 37 C.F.R. 1.63(c) 
At page 4 of the present Office Action it is alleged that the present executed 
declaration does not acknowledge the filing of any foreign application. 
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Applicants respectfully submit that this allegation is obviously incorrect. The two 
foreign (Korean) priority applications of the present National Stage application (10-2002- 
0067653 filed November 2, 2002, and 10-2003-0075511, filed October 28, 2003) are 
identified at the bottom of page 1 of the executed declaration filed together with the 
present application, where it is also indicated that the priority of these applications is 
claimed. 

In view of the foregoing, Applicants submit that the requirements of 37 C.F.R. 
1.63(c) have clearly been complied with. 

Response to Rejection of Claims under 35 U.S.C. § 101 

Claims 1-16 are rejected under 35 U.S.C. § 101 because the claimed recitation of a 
use or an intended use, without setting forth any steps involved in the process, allegedly 
results in an improper definition of a process. 

Applicant respectfully submit that canceled claims 1-16 are composition claims, 
i.e., not method claims. At any rate, claims 1-16 have been rewritten as method of use 
claims, submitted herewith, thereby rendering the rejection under 35 U.S.C. § 101 moot. 

Response to Rejection of Claims under 35 U.S.C. § 112, First Paragraph 
Claims 5-8 and 10-16 are rejected under 35 U.S.C. § 112, first paragraph, because 
the specification, while being enabling for a method of treating allergic diseases, allegedly 
does not reasonably provide enablement for the prevention of all allergic diseases. In 
particular, the Examiner appears to request experimental evidence supporting the 
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contention that the active ingredients specified in the rejected claims can actually prevent 
allergic diseases by administering the specified active ingredients. 

This rejection is respectfully traversed. Applicants initially note that the rejected 
claims are not drawn to the prevention of allergic diseases in general , but to the prevention 
of allergic diseases caused by HRF . 

Further, the present Office Action does not explain why despite the experimental 
results set forth in the present specification, it is not credible that the specified active 
ingredients are capable of preventing allergic diseases caused by HRF. 

In this regard, Applicants note that HRF plays an important role in allergic 
reactions by inducing secretion of the various cytokines. For instance, it has already 
been reported that when treating basophils with HRF, the secretion of histamine which 
is important in allergic symptom development increases rapidly (see the enclosed article 
by J. T. Schroeder et al., J. Immunol. 1997, 159: 447-452), and that when treating 
eosinophils with HRF, the secretion of IL-8 cytokine is promoted (see the enclosed 
article by R. Bheeka-Escura, Blood 2000, 96: 21 91 -21 98) 1 . 

Based on the above-mentioned facts it can be anticipated that if proton pump 
inhibitors are administered to an allergy patient after contacting with an allergen, an 
allergy treating effect can be achieved because there is an influence only by already 
secreted HRF, without any further secretion of HRF. 

1 In accordance with M.P.E.P.§ 609C(3), the documents cited above in support of Applicants' remarks are 
being submitted as evidence directed to an issue raised in the mentioned Official Action, and no 
additional fee or Certification pursuant to 37 C.F.R. §§ 1.97 and 1.98, or citation on a FORM PTO-1449 is 
believed to be necessary. 
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If proton pump inhibitors are administered to an allergy patient before contacting 
with an allergen, an allergy preventing effect can be achieved since the cytokines that 
take part in an allergic reaction or immunocyte reaction decline due to an advance 
interruption of the HRF secrection. 

Even though there are continuous influences by other allergic reaction factors, 
allergic symptoms are significantly diminished because of the restrained action of HRF 
that plays an important role in allergic reactions. 

The above anticipation is confirmed by the experimental results described in the 
present application. Specifically, in Example 2 (2) at pages 12 and 13 of the present 
application it is described that the mortality rate of mice treated with the anaphylaxis- 
causing compound 48/80 could be significantly decreased by administering to the mice 
pantoprazole 30 minutes before the administration of compound 48/80. This is clearly 
indicative of an anaphvlaxis- preventing effect. 

Qualitatively similar results are described in Example 3 at pages 15-17 of the 
present application regarding the preventive effect of pantoprazole with respect to 
allergic rhinitis. Again, the pantoprazole was administered 30 minutes before the rhinitis 
was induced. 

It is submitted that for at least the foregoing reasons the rejection of claims 5-8 
and 10-16 under 35 U.S.C. § 112, first paragraph, is unwarranted, wherefore withdrawal 
thereof is respectfully requested. 
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Response to Rejection of Claims under 35 U.S.C. § 112, Second Paragraph 

Claims 1-16 are rejected under 35 U.S.C. § 112, second paragraph, as allegedly 
being indefinite. In this regard, the Office Action alleges that it is not clear what 
method/process is to be encompassed for inhibiting a secretion or the use for the treatment 
of allergic diseases. 

Applicants respectfully submit that the present independent claims are generally 
drawn to methods of inhibiting the secretion of IgE-dependent histamine-releasing factor 
(HRF) in a patient, which methods comprise an administration to the patient of an 
effective amount of a compound having proton pump inhibitor activity. In view thereof, it 
is respectfully submitted that the rejection of the claims under 35 U.S.C. § 112, second 
paragraph, is rendered moot. 

Response to Rejection of Claims under 35 U.S.C. § 102(b) 

Claims 1-16 are rejected under 35 U.S.C. § 102(b) as allegedly being anticipated by 
WEIGELE. In this regard, the rejection essentially asserts that WEIGELE discloses 
compositions which contain a benzimidazole proton pump inhibitor such as omeprazole as 
active ingredient. The rejection concedes that the cited document does not disclose the use 
of the benzimidazole proton pump inhibitors described therein for inhibiting the secretion of 
HRF, but essentially states that a new intended use does not make an otherwise known 
composition new. 

Applicants respectfully submit that claims 17-36 submitted herewith are drawn to 
methods of inhibiting the secretion of IgE-dependent histamine-releasing factor (HRF) in 
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a patient. As already acknowledged in the present Office Action, WEIGELE does not 
teach the use of the proton pump inhibitors disclosed therein for inhibiting the secretion 
of HRF. For this reason alone, the present claims are not anticipated by WEIGELE. 
Accordingly, withdrawal of the rejection of the present claims under 35 U.S.C. § 102(b) 
is warranted and respectfully requested. 



In view of the foregoing, it is believed that all of the claims in this application are 
in condition for allowance, which action is respectfully requested. If any issues yet 
remain which can be resolved by a telephone conference, the Examiner is respectfully 
invited to contact the undersigned at the telephone number below. 



CONCLUSION 



Respectfully Submitted, 
Chul-Hee LEE et al. 
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Recombinant Histamine-Releasing Factor Enhances 
IgE-dependent IL-4 and IL-13 Secretion by Human Basophils 1 

John T. Schroeder, Lawrence M. Lichtenstein, and Susan M. MacDonaid 2 

Human recombinant hlstamine-rclcasing factor (HrHRR is known to directly stimulate histamine release and IL-4 secretion 
from basophils of selected atopic donors in a reaction requiring the expression of a particular type of IgE, referred to as IgE*. 
In this study, HrHRF is shown to affect the IgE-mediated release of IL-4, IL-13, and histamine from basophils not normally 
releasing to this protein (i.e, those expressing IgE"). Priming with several different concentrations of HrHRF for 1 5 min enhanced 
basophil secretion of IL-4 and histamine after 4 h in a dose-dependent fashion following activation with anti-lgE Ab (10 ng/mi). 
This effect of HrHRF priming also occurred in cultures activated with 1 or 100 ng/ml of anti-lgE Ab. The secretion of IL-13 
protein was enhanced similarly by HrHRF priming in Cultures stimulated for 16 to 20 h with anti-lgE Ab. There were, however, 
no apparent changes in the secretion of histamine or cytokine by basophils primed with HrHRF and activated with the IgE- 
independent secretogogue, FMLP, These findings suggest that HrHRF modifies the response of basophils for IgE-dependent 
secretion by binding to a specific receptor, broadening the possible role of this protein in chronic allergic inflammation. The 
Journal of Immunology, 1997, 159: 447-452. 



There is increasing evidence to support the importance of 
basophils at sites of allergic inflammation. Basophils were 
shown to be present in biopsies of asthmatic patients who 
had airway narrowing (1). Furthermore, an increase of basophils 
was noted in the lungs of patients dying of asthma, and their pres- 
ence correlated with bronchial hypcr-rcsponsivcncss in patients 
experiencing asthmatic episodes (2, 3). While it is well known that 
basophils release inflammatory mediators, such as histamine and 
LTC 4 , recent studies show that they also generate and secrete sev- 
eral cytokines including IL-4 (4-7). IL-13 (8-10) 4 and macro- 
phage inflammatory protein-Ja (11). Most important, a striking 
correlation was found between IL-4 mRNA and protein and the 
presence of basophils, suggesting that these cells are a major 
source of this cytokine (6). While this was shown using a basophil- 
specific stimulus (i.e., anti-lgE), a more recent study has confirmed 
these findings by showing that basophils are the major source of 
IL-4 even in cultures stimulated with Ag (12). The production of 
cytokines by basophils is strong evidence that these cells modulate 
the immune responses of other cell types participating in allergic 
lesions. For example, in vitro studies have shown that IL^4 and 
IL-13 mediate several important activities occurring in allergic in- 
flammation including IgE isotype switching in B cells (13, 14) and 
in increasing the expression of vascular adhesion molecules im- 
portant for eosinophil and basophil endothelial transmigration (15- 
17). In addition, IL-4, but not IL-13. has been shown to act directly 
on T lymphocytes to induce their development into cells express- 
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ing a Th2 phenotype (IS). Finally, both cytokines have been found 
at sites of allergic inflammation in the lung (19, 20). 

Wc have described previously a histamine-rclcasing factor 
(HRF). 3 found in lavage fluids obtained from allergic lesions, 
which caused the release of histamine and LTC rt from a subpopu- 
lation of allergic donors (21). Wc proposed thai this HRF produced 
secretion by interacting with a subpopulation of IgE molecules that 
we termed IgE + . By definition, the basophils expressing IgE~ on 
their surface did not support mediator release when stimulated 
with HRF. This factor has recently been subcloned and expressed. 
Human recombinant HRF (HrHRF) shows no molecular similari- 
ties to any known 1L chemotcine. or Ag (22). In addition to caus- 
ing histamine release from basophils expressing IgE*, HrHRF was 
subsequently found to stimulate the generation and secretion of 
IL-4 (23). Interestingly, the rime course necessary for HrHRF to 
induce IL-4 secretion from basophils, and the levels of cytokine 
secreted* were identical with those induced by anti-lgE Ab. 

The mechanisms by which HrHRF exerts its activity on human 
basophils are presently unknown. The fact that HrHRF causes his- 
tamine release and EL-4 secretion only from cells expressing IgE + 
is consistent with the belief that this protein mediates activity by 
interacting directly with this unique form of Ig. However, several 
attempts to show that HrHRF interacts with soluble IgE, by EUSA 
or affinity chromatography, have been unsuccessful. Furthermore, 
we have shown recently that HrHRF can modulate the function of 
cells not expressing IgE"\ Preincubation, or priming, with this 
protein enhances histamine release induced by anti-lgE Ab or Ag 
(24). In the present study, we addressed whether the secretion of 
IL-4 and IL-1 3 protein by basophils is affected similarly by HrHRF 
priming by testing the ability of this protein to act on cell* ex- 
pressing lgE~ and not JgE*. Our results show that HrHRF also 
enhances the secredon of IL-4 and IL-13 protein by IgE-bcaring 
basophils activated by anti-lgE Ab or Ag. The fact that HrHRF 
modulates IgE-mediaied histamine release, IL-4, and IL-13 protein 



4 Abbreviations used in this paper: HRF, hJstamine-releaiint> factor; OlMOM, 
conditioned Iscove*' modified Du!becco\ medium; HrHRF, human recombi- 
nant histaminy.rcJcasins factor; PAC, pipcrazine-N, Nf-bistf-ethane sulfonic 
acidValbumin/glucose; TMB, 3^S,5'-tetrameihyl-ben2ld/n*. 
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secretion by basophils prepared from norma] donors, while directly 
causing the release of these products from cells bearing IgE*, 
supports the belief that this protein may bind a specific receptor on 
the ceil surface. Furthermore, this finding suggests that HrHRF 
represents a unique cytokine, having an important role in modu- 
lating the release of inflammatory mediators and cytokines by ba- 
sophils and possibly other cell types that participate in allergic 
disease. 

Materials and Methods 

Buffers and media 

PIPES (JOX) contained 250 mM PIPES, 1.10 M NaCl, and 50 mM KCl, 
pH 7.4. A PIPES/albumin/glucose bufler (PAG) contained one-tenth IOX 
PIPES in addition to 0.003% human scrum albumin (Calbiochem-Bering 
Corp., La Jolla, CA) and 0,1% D-glUCOse. PAG-EDTA additionally con- 
tained 4 mM £DTA. Isotonic PercoU (referred to in this work as 100% 
Percoll) cunsislcd of 1 part 10X PIPES and 9 parts Percoll (Pharmacia, 
Piscataway, NJ), Percoll solutions of 55% (cJ - 1.072) and 63% <d - 
1.082) were made by mixing the appropriate amounts of I* PIPES and 
100% Pcrcolt. Conditioned IMDM (C-IMDM) consisted of Moves' mod' 
ificd Duibecco's medium containing 5% heat-inactivated (56*C for 30 min) 
FBS (Sigma Chemical Co., St. Louis, MO), I X nonessential amino acids, 
and 5 Mg/mJ gemamicin. Assay buffer for the in-housc EUS a consisted of 
a phosphate buffer containing Tween-80 and 1% BSA (made by adding 0.1 
M phosphate monobasic to 0 J M phosphate dibasic, each containing 0.05 
M NaCI and 0.05% Tween-80; BSA was then added to this solution to a 
concentration of 1%). 

Special reagents 

The following were purchased: FMLP, 3,3%5,5MetrcmethyLbcraidinc 
(TMB) .substrate tablets (Sigma Chemical Co.), and bjotfnylatcd goat anti- 
human IL-4 (Endogen, Irving, CA). The human rIL-4 and monoclonal 
anti-human IL-4 Ab that were used for the in-house lL-4 EL1SA were kind 
gifts of Dr. Steven OilJis (Immunex Corporation. Seattle, WA). Polyclonal 
anti-human IgE Ab was made in a goat and affinity purified. Human rC5a 
was the kind gift of Dr. Henry Showell (Pfizer, Groton. CT). 

Preparation of rHRF 

The HrHRF used in these studies was made as previously described <22), 
Briefly, primers were designed using the sequence of ihe murine cDNA. 
These primers were used to generate the human cDNA from the TJ937 cell 
line that codes for a protein having a molecular mass of 23 kDa (rp23). 
The PCR product was expressed in Escherichia colt as a protein fused 
to glutathione-S-transferase, and was affinity purified On immobilized 
glutathione. 

Basophil preparation 

Venous blood from consenting donors waj anticoagulalcd with 10 mM of 
EDTA. Whole blood was centrifuged at 300 X g, and the leukocyte inter- 
face (buffy coat) was carefully aspirated and transferred to PAG-EDTA 
buffer (1:1 v/v). BosophiNenrichcd suspensions were prepared by Percoll 
density centrifugation, as previously described (23). Briefly, the diluted 
buify coat suspension was layered onto gradients consisting of 1 2 ml of 
557o Percoll layered onto 12 ml of 63% Percoll in clear 50-ml polypro- 
pylene centrifuge tubes (Coming. Coming, NY). Percoll gradients were 
centrifuged at 700 X g for 20 min at room temperature. Basophils were in 
the fraction consisting of the lower half of the 55% Percoll, 63% interface, 
and upper half of this layer. Cells in this fraction were washed twice in 
PAG-EDTA. and had a final wash in cold (4*C) PAG. Basophils were 
counted in Spiers- Levy chambers using Aldan blue (25). The purity of the 
basophils in the ceil suspensions used for these studies ranged from 5 to 
40%. For the experiments using Ag, cells banding at the 55% PercoU 
interface were removed, washed five' time* (150 X g for 8 min) in PAG- 
EDTA to remove platelets and once in cold (4 B C) PAG, and used in cul- 
tures as basophij-deplctcd «l% basophils) cell suspensions. 

Culture conditions 

Cultures were performed in C-IMDM using 96-wcll microliter plates 
(Costur, Cambridge. MA), as previously described (7). The number of 
basophils cultured ranged from 50,000 to 250,000 per well. In the exper* 
imeois using basophil-depleted cell suspensions, the number of total cells 
added per culture was 500,000. For pre treatment with rHRF, the cells were 
added to Culture wells in 62,5 of medium, and brought to 37*C in a CO s 



incubator (5% CO,) before adding an equal volume of medium (prc-cqvil- 
i prated in the incubator) containing twice the priming concentration. After 

15 min. 125 pj of medium (also pre -equilibrated in the incubator) con- 
taining twice the final concentration of stimulus was added to the cell and 
the cultures. After 4-h incubation, cellfrec supematants were removed for 
histamine and IL-4 protein analysis by automated fluorimetry and EUS A. 
respectively (7). To measure IL-I3 protein, ceil cultures were incubated for 

16 to 20 h. 

and IL-13 EUSAs 

Culture supematants (stored at — 80*C) were assayed for IL-4 or IL-13 
protein using an in-house lL-4 EUS A and an ultrasensitive (0.8 pg/ml) 
[L-4 £LISA (Biosourcc, Canwillo, CA), or by an IL-13 EL1SA (Bio- 
source). The commercial Xits were performed according to the manufac- 
turer's instructions; the in-housc IL-4 method (7) was modified as follows: 
wells of ImmuIon«4 microti ter plates (Dynatech Labs.. Chantilly, VA) were 
coated with monoclonal anti-human IL-4 {23 jig/ml) in 0.1 M carbonate 
buffer, pH 9.6, for 48 to 60 h at 4°C. The wells were washed four times 
with wash buffer (PBS containing 0.05% Tween-20 and 0,01% Thiraer- 
osol, pH 7.4). The remaining binding sites were blocked with 150 /iJ/well 
of coating bulFer containing \% BSA and a 1/100 dilution of sheep serum 
for 30 to 60 min at room temperature. Standards (human rIL-4) were made 
in the C-IMDM used for cell culture. Standards and samples were added to 
wells in 1 00 p.1. Following u 2-h incubation at 37*C, 5% CO a , the wells 
were washed four times with wash buffer. A secondary goat polyclonal 
anti-human IL-4 Ab conjugated with bio tin was diluted in assay buffer (1 
/ig/mJ) and added (100 pi/wclX) for a 1-h incubation al 37*C, 5% C0 2 . 
Following four washes with wash buffer, strepiavidin peroxidase conjugate 
in assay buffer (I M-fi/ml) was added (100 /iJAveJI) and the plates were 
incubated for 30 min at 37*C. 5% CO a . After five washes with wush buffer* 
1 00 jiU/well of fresh substrate solution was added (10 ml of 0. 1 M citrate 
phosphate buffer. pH 4.3. added to I ml of DMSQ containing a 1-mg 
prcdiasolved TMB tablet and 3 /jJ of 30% H s O a ). The reactions were 
developed 10 to 12 min (in the dark) before adding 100 fil/well of stop 
reagent (2 N H 2 SOj. OD were read using dual wavelengths (450/570 nm). 
The sensitivity of the in-house ELISA was consistently 4 pg/ml. with a 
range up to 200 pg/ml. 

Results 

Dose-dependent enhancement ofanti-lgE mediated IL-4 
secretion and histamine release by HrHRF 

We have shown recently that HrHRF acts as a costimulus of his- 
tamine release from basophils not normally releasing to this pro- 
tein alone (24), As shown in Figure 1, HrHRF also has a significant 
effect on the secretion of IL-4 protein by these basophils, augment- 
ing the secretion induced by anti-IgE Ab (10 ng/ml) in cells primed 
with several concentrations of the rHRF. In fact, IL-4 secretion 
increased by 50 ± 25% when a priming concentration of 80 ng/ml 
was used, with dose-dependent increases occurring up to 10 ji.fi/ml 
of the HRF, for an optimal enhancement of 125 ± 20% above 
control levels (64—475 pg/10 6 basophils). Histamine released in 
these cultures was also increased by HRF priming in a dose-de- 
pendent fashion from 10 to 70% above controlled release, with a 
curve that closely resembled that for IL^4 enhancement. 

It is importunt to note that we were concerned initially that the 
presence of endotoxin contaminating the E. catf-derived prepara- 
tions of rHRF might be responsible for this enhanced secretion 
occurring in basophils. However, wc have been unable to confirm 
previous reports suggesting that LPS enhances IgE-dcpendent his- 
tamine release (26), nor did we sec any correlation between baso- 
phil secretion and the amount of endotoxin found in the prepara- 
tions of HrHRF used in these studies. Furthermore, we have since 
found that baculovirus-dcrived HRF, which is essentially free of 
endotoxin, is also able to enhance IgE-dcpcndent secretion by ba- 
sophils (data not shown). 

Previous studies have shown thai IgE-dependem IL-4 protein 
secretion by basophils is augmented in cells prclrcatcd with 1L-3 
(7). To rule out the possibility that the HrHRF-priming cfrcci was 
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f I CURE 1 . Dosc-depcndcnt priming with HrHRF enhances IgE-de- 
pendent IL-4 protein secretion and histamine release by human ba- 
sophils. Basophil suspensions were prepared from five donors whose 
cells do noi normally release to HRF. Cell cultures were prcineubated 
with the indicated concentrations oF HrHRF for 15 min before chal- 
lenging with anti-lgE Ab n 0 ng/ml). After 4 h in culture, the cellfree 
supernatants were harvested for histamine (O) and IL-4 protein (•) 
measurements. Results are reported as the mean 2: SEM of the per- 
centage of enhancement above controlled release using anti-Ig£ Ab 
alone. Controlled levels ranged from &4 to 475 pg/10° basophils for 
IL-4 protein and 19 to 47% of total histamine content. "Indicates sta- 
tistical significance (p < 0.05 P n =* 5) from control values (Wilcoxon 
test). 

due to 1L-3 generated by other cell types, experiments were per- 
formed with basophils or mixed cell suspensions containing lym- 
phocytes. HrHRF was found not to induce a detectable level of 
IL-3 protein by either cell type (data not shown). 

HrHRF enhances release by basophils activated with a range 
of anti-lgE Ab concentrations 

We next examined whether the priming effect of HrHRF occurs 
over several concentrations of stimulus or whether it simply causes 
enhancement of IL-4 by shifting the dose-response curve to anti- 
lgE, Cells were once again prepared from donors whose basophils 
did not release to the HRF alone. As shown in Figure 2, these cells 
were pretreated with the rHRF (10 fxg/ml) and then challenged 
with 1, 10, or 100 ng/ml of antUgE Ab, Basophils from five of the 
six donors tested showed enhanced IL-4 secretion that was mark- 
edly elevated from the levels produced with anti-lgE alone (Fig, %, 
Thus, ax 1 ng/ml of anti-lgE Ab, UL-4 secretion among the six 
donors averaged 25 ± 11 pg/10 6 basophils, and mis increased 
270% for an average of 93 ± 27 pg/IO* basophils following prim- 
ing with HrHRF. At 10 ng/ml of anti-lgE Ab (which was optimal 
for IL-4 secretion), there was an overall 64% increase in IL-4 
secretion from 137 ± 47 pg/10 6 basophils without priming up to 
225 ± 64 pg/l0 A basophils with HrHRF priming. When 100 ng/ml 
of anti-lgE Ab was used as stimulus, IL-4 secretion increased 
133% from 94 ± 32 pg/10* basophils (without priming) to 219 ±. 
65 pg/10* basophils following priming. For comparison, histamine 
release in these cultures was similarly enhanced at each concen- 
tration of artti-IgE <Fig. 2. &-f). 

HrHRF enhances Ag-specific IL^t secretion by basophils 
Since human basophils also secrete EL-4 protein in response to 
activation with specific Ag (7, 12), we tested whether HrHRF 
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FIGURE 2. Priming of basophils with HrHRF occurs Over a wide 
range of anti-lgE Ab concentrations. Basophil suspensions were pre- 
pared from six donors whose cells did not respond to Hrtf alone. Cell 
cultures were left untreated (control) or were primed with HrHRF (1 0 
ug/m/) for 15 min before adding stimulus. After 4 h, (he cellfree su- 
pernatant* were harvested for histamine and IL-4 protein measure- 
ments, a-c show the levels of IL-4 protein secreted in response to 1, 
10, and 100 ng/ml of anti-lgE Ab, respectively. The corresponding 
panels d, e. and fshow the percentage of total histamine released in 
these cultures. The IL-4 protein and histamine release data with HrHRF 
priming were significantly different (p < 0.05) from control levels for 
each concentration of antl-lg€ Ab (Wilcoxon test). 



priming has a similar effect on this secretogogue. Basophil sus- 
pensions were isolated from ragweed allergic donors whose ba- 
sophils showed no release lo the HRF alone. As shown in Figure 
3, IL-4 protein was generated in response to iwn concentrations of 
Ag (1 and 10 ng/ml) alone, and cells from ail five donors secreted 
enhanced levels of this cytokine following pretreatment with prim- 
ing concentrations ranging between 3 and 10 pg/ml of HrHRF 
(Fig. 3, a and b). Panel c shows that this was similar to that seen 
with anri-LgE Ab. Although previous studies have demonstrated 
that activated basophils arc the sole source of IL-4 mRNA and 
protein in mixed leukocyte cultures after 4-h incubation (6, 12), it 
was possible that the combination of HrHRF and Ag used in these 
experiments might stimulate the secretion of IL-4 from other cell 
types. Therefore, basophil-depietcd cell suspensions, containing 
mostly lymphocytes and monocytes, were simultaneously isolated 
from the same donors and tested for IL-4 secretion in response to 
HrHRF and Ag stimulation. These mononuclear cell fractions 
failed to secrete detectable levels of IL-4 after 4 h following the 
addition of HRF and/or Ag (data not shown). 

HrHRF enhances IL-13 secretion from basophils stimulated 
by anti»lgE Ab 

Since human basophils have recently been shown to secrete 1L-J3 
protein in response to cross -J inking of the high affinity IgE receptor 
(8-10), wc investigated whether HrHRF would be an additive 
stimulus for IL-13 production. As shown in Figure 4, HrHRF, at a 
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FIGURE 3. Basophil secretion in response to specific Ag Is enhanced 
with HrHRF priming. Basophil suspensions were prepared from five 
donors whose ceils released histamine in response to ragweed Ag, but 
not to HrHRF, Cell cultures were left untreated or were primed with 
HrHRF (3-10 juuj/ ml ) 'w 15 min before adding specific Ag at l and 10 
ng/ml final concentration (a and o, respectively). After 4 h, the cellfree 
supernaunts were harvested for fl-4 protein measurements. For com- 
parison, basophils from these same donors (except the donor repre- 
sented by the opened triangle) were challenged with antMgE Ab 00 
n#M) following pretreatment with and without HrHRF (c), The IL-4 
protein data with HrHRF priming were significantly different {p < 
0.0S) from control levels for cells challenged with 1 0 ng/ml of Ag 
(Wilcoxon test). 



400 



1 



£ 200 




C-IMDM 



HrHRF AlgE 

Stimulus 



HrHRF/ 
AJgE 



FIGURE 4. IgE-dependent lt-13 protein secretion by basophils is en- 
hanced with HrHRF priming. Basophil suspensions were prepared 
from five donors whose cells did not react to HrHRF alone. No JL-13 
was detected when cells were incubated with medium alone (C- 
IMDM) or with HrHRF alone. Cell cultures were left untreated (AlgE) or 
were primed with HrHRF (HrHRF/AlgE) for 1 5 min before adding stim- 
ulus for an additional 1 6 to 20 h. Cellfree supernatants were then 
harvested for JL-13 protein measurements. The IL-1 3 protein data with 
HrHRF priming were significantly different from that produced in con- 
trol cultures receiving ami-IgE Ab (10-20 ng/ml) alone (Wilcoxon test). 



dose of 10 jxg/ml, enhanced EL- 13 production for an average of 
40% from 226 ± 110 pg/10* basophils to 31$ = 1 17 pg/10 6 ba- 
sophils in five of five donor basophils stimulated with 10 to 20 
ng/mJ of anti-lgE Ab. HrHRF used alone did not cause any de- 
tectable IL-1 3 secretion by these donor cells. 

The effect of HrHRF priming on basophils activated by 
IgE-independent stimuli 

We have reported previously that the basophil secretogogues CSa 
or FMLP peptide induce little to no IL-4 secretion from basophils 
after 4-h stimulation (7). Therefore, in a final series of experi- 
ments, we examined whether priming with the HRF might affect 
the ability of these IgE-indcpcndent stimuli to acquire the ability to 
induce the secretion of IL-4 protein. We were unable to detect IL^4 
protein following activation with three different concentrations of 
C5a, which confirmed our previous findings. Cells from several 
donors, however, did secrete detectable levels of cytokine after 
prerrcatment with HrHRF, with cultures costimulated with one 
dose (20 ng/ml) of CSa, showing a slight increase compared with 
control cultures receiving C5a alone (data not shown). It is impor- 
tant to note, however, that the levels of IL-4 protein were barely 
above detection and were nearly 1 0-fold less than thai achieved 
with IgE-dependent activation. 

Others have shown thai basophils secrete higher levels of IL-4, 
although at a slower rate, if the cells arc Cultured for 24 h in media 
containing both C5a and IL-3 (27). Since HrHRF may affect ba- 
sophil function similarly to thai seen with IL-3 priming, we also 
cultured basophils with HrHRF and C5a for longer time periods 
(up to 24 h) to test whether greater levels of IL-4 are generated 
with this combination. However, cells cultured 24 h with HrHRF 



and C5a did not generate IL-4 protein to any greater extent than 
that secreted after 4 h of culture (data not shown). 

The effect of HrHRF on cells stimulated with FMLP peptide is 
shown in Figure 5. This potent basophil secretogogue induced little 
to no IL-4 protein secretion when used alone, and at 10"*, 10~ 7 , 
or 10~ 6 M concentrations, and priming with HrHRF caused no 
apparent enhancement in the levels of YL^A induced by this stim- 
ulus (tf F b f and c). Likewise, there were no consistent changes in 
the amount of histamine released by these cultures (d, e, and /), 

Discussion 

For the past decade, much of our work has focused on the char- 
acterization of an HRF that causes mediator release from basophils 
isolated from selected atopic donors in a reaction requiring the 
expression of a particular type of IgE that we refer to as IgE*. The 
clinical relevance of this HRF in the pathogenesis of allergic dis- 
ease is indicated by the fact thai a similar histamine-releasing ac- 
tivity is found in lung, nasal, and skin lavage fluids, particularly 
those taken during late phase reactions to Ag challenge (21, 28, 
29). Furthermore, PBMCs isolated from children having severe 
atopic dermatitis and food sensitivity generate an IgE-dependent 
HRF and have basophils thai spontaneously secrete histamine. The 
symptoms, release of histamine, and the generation of HRF in 
these individuals were diminished with removal of the food re- 
sponsible for these activities (30). 

Recent studies show that, in the presence of IgE*. HrHRF acts 
as a complete stimulus, causing the release of histamine and IL-4 
protein from basophils isolated from selected atopic donors (23). 
Although the exact nature for the interaction between so-called 
IgE* 4 " and HRF remains unknown ai this time, the present study 
strongly suggests that the latter is capable of affecting the function 
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FIGURE 5. Priming with HrHRF does oox induce H-4 secretion by 
basophils challenged with FMLP peptide* Basophil suspensions were 
left untreated (control) or were primed with HrHRF for 1 5 min before 
adding stimulus. After 4 h / the cellfree supurnatanls were harvested for 
histamine and 1L-4 protein measurements, a-c show the levels of IL-4 
protein secreted in response to lO'**, 10~ 7 , and 10" A M concentra- 
tions of FMLP peptide, respectively. The corresponding panels d, e, 
and f show the mean ± SEM (n = 5) percentage of total histamine 
released in these cultures. protein and histamine release levels 
obtained with HrHRF priminj? were not significantly different (p > 
0,05) from control culture? (Wilcoxon tesO- 



oi" all basophils. Thus, in the presence of TgE", KrHRF acts by 
modulating the response of basophils to subsequent activation with 
a costimulus, such as antj-IgE Ab or specific Ag. These findings, 
in fact, suggest that HRP may interact with a specific receptor, 
other than IgE*". With respeet to this belief, HRF may function 
more like a cytokine by binding a specific receptor that is found on 
basophils and most likely other cells that participate in allergic 
inflammation. It is important to note that in the presence of igE* 1 "* 
HrHRF and ami-IgE Ab (or Ag) show un uddiLive effect on baso- 
phil secretion, such that the amount of IL-4 or histamine generated 
in response to tills combination is more equal to the sum of the two 
alone (24), In this instance, the expression of IgE"* itself seems to 
change the activation state of the cell, such that a costimulus is not 
necessary for secretion. 

In investigating the effects of HrHRF priming on the release of 
histamine from basophils stimulated by a variety of secretogogue*, 
IgE-dcpendent stimulation was most affected compared with the 
effects on activation by JgE-indcpcndcm mediator release (24), In 
this study, we confirmed the finding that IgE-mediated histamine 
release is enhanced with HrHRF priming and, in addition, found 
that IL-4 and IL-13 secretion are similarly affected. Interestingly, 
HrHRF priming was found to have no significant effect on hista- 
mine release or cytokine secretion when cells were stimulated by 
the IgE-indcpcndent stimuli, such as the FMLP peptide. The ob- 
servation that HrHRF is mote effective in modifying IgE-dcpcn- 
dent rather than IgE-independent stimulation is not fully under- 
stood, but may possibly result from an ability of this HRF to 
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generate intracellular signals that arc linked closely to those me- 
diated through the high affinity receptor (FceRl). In theory, such a 
receptor for HRF may function as a result of close proximity with 
FceRI on the surface of basophils, much like CD3 is to the TCR. 
Whether this receptor hypothesis or an alternative theory is correct 
for the mechanism of action by HRF, the fact that this protein is 
capable of modifying the function of all basophils (and most likely 
other cell types) would suggest chat it has a significant role in the 
pathogenesis of allergic diseases. 

Acknowledgments 

We thank Dr. Steven Gillis for anti-human IL-4 rnAb used in the in-housc 
IL-4 EL1SA; Jackie Langdon and Y»uTa Niv for preparing the rHRF used 
in these studies; and Brian Howard for his excellent technical support. 

References 

1. Maruyama, N.. G. Tamura, T. Aizawu, T. Ohrui, S. Shimura, fC Shlraio, and 
T. Takixhjma. 1994, Accumulation or basophils and their cbematacuc activity in 
the airways during natural ainvuy narrowing in asthmatic individual*. 
Am J. Respin Crit, Care Med. 150: J086. 

2. Koshino, T.» S. Teshima, N. Pukushima. T. Takaishi, K. Hirai, Y. Miyamoto, 
Y, Aral, Y. Sono. K. Ho, and Y. Mori la. 1993. Idcntincatjoa of basophil* by 
immunohwtochemistry in the airway of postmortem ewe* of fatal asthma. Clin. 
Exp. AtUrxy 23:919- 

3. Koshino, T., Y. Aria. Y. Miyamoto, Y. Sano, T. Takaisbi, K. Hirai, K. Ho, and 
Y. Moritti. 1995. Mast cell and basophil number in the ajrway correlate with the 
bronchial responsiveness of asthmatic*, tnu Arch. Allergy Immumtt. 107:37$. 

A. Bnmncr, T\, C. H. Heusser, and C. A. Dflhioucn. 1993. Human peripheral blood 

basophils primed by irilcrJeukinO (1L*3) produce ILhJ in rexpnnse Iq immuAO* 
globulin £ receptor stimulation. J. Exp. Med. 177:605. 

5. Arock, M„ H. Merlc-BcnvL B. Dugax, F. Quaax, U Us GolT. I. Voutdoukas. J.-M. 
Mencia-Huerta. C. Sciuniu, V. Lcblond-Missonard, P* Dcbre. and M. D. Mossa- 
layi. 1993. JL-4 release by human leukemic and activated normal basophil*. 
7. Intmunat. 131: 144 J. 

6. MacGlashan, D. W.» Jr., J. M. White. S. K. Huang* S, J. Onn. J. T, Schrocder, and 
L, M- Lichtcjwleln, 1994. ScCrCtiOn Of itilcrlBuJtln-4 from human basophil: die 

relationship between IL-4 mUNA and protein in resting und stimulated basophils. 
/. Immunol. 151:3006. 

7. scbiocder. J. T, D. W. MaeGlashun Jr.. a. Kagcy-Sobotka, J. M. White, and 
L. M- Liehtcnslein. 1994. IgE-depcndcnt 1L-A secretion by human basophils; the 
relationship between cytokine SCCrulloo aud histamine release in mixed leukocyte 

culture*, y. Immunol 153:2808. 

8. Li. H.. T. Sim, and R. Alam. 1996. released and loculuoid in human ba- 
sophils. J. Immunol 156:4333. 

9. Ochcashcrgcr. B.. G--C Daepp, S. Kins, and C A. Dahindco. 1 996. Human blood 
basophils produce intcricuktn-13 in response to lgE~receplor-depcndent and in- 
dependent activation. BUxxl H&:3028, 

10. Glbbs, B. P., H. Haas, K H. fulcone, C. Albrecht. L B. Vollratfi, T. Noll, H. H. 
Wolff, and U. Anton. 1 99ft. Purified human peripheral blood basophils release 
lmcricukin-13 and preformed lntcrIcufcin-4 following immunological activation. 
Eur, J. ImmuiuiL 26:2*93. 

11. Li, H., T. Sim, 1 A. Grant, and R. Alam. lv$b. Tho production of macrophage 
innaromatcry protein-a by humim bvophil*. J, Immunol. 157:1207. 

\2. Kasalan, M. T., M. J. Clay, M. P. Happ, ft. O. Garmau, S. Himni, arid 
M. Luqman, 1 996. JL-4 production by allcrgCD-stirauluted primuiy cultures: idcn« 
liftcalion of basophils as the major lL-4-produeins cell type. Int. Immunol. 
HU2K7. 

1 3. VerccllL D„ aud R. S. Geha. 199 1. Regulation of fgE syutheais in humansj a talc 
of l wo «jmab:» /, Allergy CUn. ImmunaL HR:2H5, 

14. fMnnonen, J., G. Avcrsa. B. G. Cocks, A. N. J. McKcnzle, S. Mcnon, 
G. Zuraw 5 lci, R. De Wual Malcfyt. and J, L Dc Vries, 199J- fnicxlcukin 13 
induces Intcrlcukin 4-independcnt IgG4 and IgB xynihesia and CD23 cxprcwion 
by human D cells, Proc. NaU Acad. Set. USA 90:3730. 

15. Moicr, R.* and J. Fchr. 1^92. IL-4 controls die selective endothelium ♦driven 

imnsmisration of eosinophils from allergic individuals:. /. Immunol, 149:1432. 

16. Sehlciracr, R« S. A. Sierbinsky, J. Kaiser. C. A. Bickel* D. A. Klunk, 
K. Tomioka* W, Newmon, F. W. Luscinjlms, M. A, GimhTonc, and B, S. Boch- 
net. 1992. IL-4 induces adherence of human eosinophils and basophils but not 
neutrophils to endothelium, J, Immunol, f4H: f086. 

17. Bochner, B., D. Klunlt, S. Sierbinsky. R, Colfman, and R. Schlcimcr, 1995. IL-1 3 
solccuvely induces vascular cell adhesion molecule- 1 expression in human en- 
dothelial cells. J. Immunol, 154:799, 

18. D' Andrea, A., X. Ma, M. AMC-Amc7.aga, C. Paganin, and G. Trinchieri. 1995. 
Stimulatory and inhibitory ciTccts of interlenkin (ILV4 and B-l 5 on the produc* 
don or cytokines by liunum peripheral blood mononuclear ccJia: priming for 
1L-12 and tumor necrosis factor alpha production. /. Exp. Mat IH1;S37, 

19. Kay, A. B.« S. Ying. V. Varncy, M. Gaga, S. R. Durham, R. Moqbcl, A. J. 
Wardlaw, and Q. Hamid. 1991. Messenger RNA expresxion of the cytokine gea£ 
cluster, intcrlcukin- 3 (IL-3). IL-4, IL-S, and gnutuJocytcAnacropruige colony- 
sumulating factor, in allenren-induccd lau>pha,se cutaneous rcaetldn.t in atopic 
subjects. J. £*/«. Med. 173:775. 



05-12-15; 10:55AM; 



# 7/15 



452 ENHANCED SECRETION BY HUMAN BASOPHILS PRIMED WITH rHRF 



20. Kriahnaswamy. C. M. Liu. 5.-N. Su, M. Kuani. H.*Q. Xiao, D. Marsh, and 5,-K. 
Huang. 1993. Analysis of cytokine transcripts in the broceiioal veotar lavage cell* 

Of patient! with ailXrtU. Am. J. Rcspir. Cell Mat Biol 9:279. 

21. McDonald, S. M., U M, Lichtcnsieim D. Proud, M. Plant, R. M, Nacferio, D. W. 
MacGlashan. and S. A. Kagcy, 1957. Saidie* of IgE-dependcnt bistamme-rcJeas- 
ing factors heterogeneity of IgE. J» Immunol 139:306. 

21. MacDonnld. 5„ T. Rather. J. Langdon, and L. ( ichtcngtctn. 1995. Molecular 
identification of an IgE~dopendcm histaraine-relcasing factor. Science 269:688. 

23. Sdiroodar. J. T.. U M. Uchicnstein, and S. Ivj. Macponald. 1996. An IgU-de- 
pendent recombinant hiataroine-releasing factor induces IL-4 secretion from hu- 
man basophils. J. Exp. Med. J83:/26$. 

24. MacDonald. S., J. Schroedcr. J. Ungdon. K. Jcnfccns. D. W. MacGlashan, Jr., 
and U Lichlenyteui. 1996. Human recombinant IgE-dcpendent piitamjac rcj cas- 
ing factor (HpHRF) primes basophils for histamine release. J. Allergy Clin, Im* 
murwL 97.A337. 

25. GUbcn, H. 5., and L, Ornatein. 1975. Basophil coundng using a new staining 
method using aldan blue, fllond 46:279. 



26. Clemen I sen, P.. S. Norn, JC S. Kristen>en. N. Baehmortnnscn. C Koch, and 
H. Ponnin. 1990. Bacteria and endotoxin enhance basophil histamine release and 
potentiation is abolished by carbohydrates, Allergy 45:402. 

27. Ochensbergcr, B., S. Rihs, T. B runner, and C. DahJndcn. 1995. igE-dcpendent 
ieierleuldn-4 expression and induction or a late nha*e of Jeukotriene C 4 formation 
in human blood basophils. Blood 66:4039* 

28. Liu, M. C, D, Proud. L. M. Llchienstcin, D. W. MacGlashan Jr., R. P. Schldntcr. 
N. F. Adkinson Sr.. S. A- Kagey, E. S. Schulman. and M. Plain. 1986, Human 
lung mocropnagc-derivod hisianune-reieasing activity is due to JgE-dcpendent 
factors. J. Immunol 136:2588. 

29. Warner, J. A_ M. M. PienkowikJ. M, Plaut. p. 5, Norman, and L. M, Uchien. 
stein. 1986. Identification of histamine -releasing factor(s) in the late phase cuta- 
neous IgBrniediated reactions. J. Immunol 136:2583. 

30. Sampson, VL A,, K- R- Broadbcm. and J, Bembiid-Brc^dbcni. 1989. Spontane- 
ous release of histamine from basophils and hisU mine-releasing factor Jn patients 
u/tm atopic dennotiUx and food hypersensitivity. M £ngt / Med. 321:228. 



05-12-15; I 0 ; 5 5 A M ; 



# 8/15 



JMMUNOBIOLOGY 



Human recombinant histamine-releasing factor activates human eosinophils and 
the eosinophilic cell line, AML14-3D10 

Roy Bhookha-Escura. Donald W. MacGlashan Jr, Jacqueline M. Langdon, and Susan M. MacDonaJd 



The human recombinant histamina-reieas- 
ing factor (HrHRF) was previously shown 
to Induce histamine release from human 
basophils from a subset of donors. The 
ability of HrHRF to directly induco hista- 
mine release from only certain basophils 
was thought to involve interaction be- 
tween HrHRF and a particular kind of IgE, 
termed IgE + , on the surface of these cells. 
Recent studies disproved the hypothesis 
that the IgE molecule or Its high-affinity 
receptor, Fc<RI, is involved in secretion 
of histamine and cytokines by basophils 
stimulated with HrHRF. Rather, data sug- 
gest that HrHRF is a cytokine that stimu- 

Introduction 



lates basophils by binding to a cell- 
surface structure other than the IgE 
molecule. This report describes the ef- 
fects of HrHRF on another inflammatory 
cell typo: eosinophils from mildly allergic 
donors. In purified eosinophils primed 
with granulocyte-macrophage colony- 
stimulating factor, both tumor necrosis 
factor a (TNF-a) and HrHRF induced in- 
creased secretion of Interieukln (IL) 8, in 
addition, both HrHRF and IL-5 enhanced 
secretion of IL-8 stimulated by TNF-ot. 
Secretion of IL-S reached a plateau level 
in less than 24 hours, was Inhibited by 
cycloheximide, and required the pres- 



ence of HrHRF throughout the culture 
period. In some eosinophil preparations, 
HrHRF Induced calcium mobilization that 
was inhibited by pertussis toxin. Addition- 
ally, HrHRF caused secretion of IL-S from 
the human eosinophilic cell line, AML14- 
3D10, which does not possess the a 
chain of FceRI. These data provide evi- 
dence that HrHRF contributes to activa- 
tion of eosinophils and thus suggest an 
additional rolo for HrHRF In the patho- 
physiologic mechanisms of allergic 
disease, (Blood. 20QQ;96:21 9 1-2198) 

c 2000 by The American Society of Hematology 



Hisiamine-releasing factors (HRJs) comprise a group of molecules 
that induce basophil dcgranulation. Molecules with this activity 
include tntcrlcukinsj, 1 - 2 chemokincs, 3 " 5 and the previously sub- 
cloned IgE-dependent HRR* This human recombinant HRP 
(HrHRF) (also known as p23 7 or translationally controlled tu- 
mor protein 8 - 9 ) was initially described as a complete secreto- 
gogue for secretion of histamine* and interleukin (TL) 4 10 
from basophils from a subset of allergic donors. Mediator release 
was thought to be the consequence of physical interaction be- 
tween HRF and a certain type of IgE, termed IgE" 1 ", on the 
surface of the responding basophils. 1 1 However, several lines of 
evidence suggest that the interaction with IgE may not be required 
for cell activation mediated by HrHRF. First, HrHRF 
enhanced anti-IgE-mcdiatcd histamine release, as well as IL-4 and 
TL-13 protein production, in donors with TgE~ on the surface of 
their basophils., which by definition do not respond directly to 
HrHRF. '2 Second, in TgE + donors* HrHRF-induccd histamine 
release can be modulated by agents that do not affect IgE- 
dependent histamine release. 13 Third, rat basophilic leukemia cells 
transfected with the human a, ft, and -y chains of Fc*RI released 
histamine to polyclonal anti-IgE after passive sensitization with 
IgE*, but no histamine release occurred when HrHRP was the 
stimulus. 14 These data indicate that HrHRF exerts its activity 
independently of IgE and strongly suggest the existence of an 
HrHRF-specific activation pathway other than through FceRI. 
Therefore, we studied the role of HrHRF in activation of human 



eosinophils, inflammatory cells that do not normally express 
cell-surface FceRI. 

Although one study found that eosinophils from a subset of 
hypereosinophilic patients have FctRI 15 and another showed that 
the FceRI ot chain is up-rcgulatcd on eosinophils after antigen 
challenge in asthmatic subjects, 16 this area of investigation remains 
controversial. A more recent study demonstrated that eosinophils 
from a variety of donors, including mildly allergic subjects, possess 
intracellular FceRI ot chain, but it was undetectable on the cell 
surface. 17 Additionally, although Kita et al 18 found extremely low 
levels of surface FceRI, there was no effector function that could be 
attributed to this receptor. For these experiments, we used eosino- 
phils from mildly allergic patients who had no detectable surface 
expression of FceRI, the low-affinity IgE receptor FCeRII, or IgE, 
as determined by flow cytometry. Furthermore, we used the human 
eosinophilic cell line AML14-3D10, which has no observable 
FceRI a chain on Western blot analysis of cell lysatcs. 

Eosinophils are known to contribute to the pathophysiologic 
mechanisms of allergic diseases by secreting promflamniatory 
granule proteins, such as major basic protein and eosinophil 
cationie protein, that induce damage of bronchial epithelial cells. 1 * 20 
Increased numbers of these cells are found in bronchoalveolar 
lavage (BAL) fluids and bronchial biopsy specimens from allergic 
asthmatic patients during the late phase of an allergic reaction 
(LPR). 21 There is evidence that these cells are capable of synthesiz- 
ing, storing, and in some cases, releasing cytokines that contribute 
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to cell recruitment and activation. Transcription or translation of 
the following cytokines has been reported to occur in eosinophils: 
IL-la, IL-3, IL-S, IL-6, IL-8, transforming growth factor (TGF) a 
and TGF-fS, macrophage inflammatory protein la (MUM a), 
granulocyte-macrophage colony-stimulating factor (GM-CSF), tu- 
mor necrosis factor a (TNF-a), 21 IL-4, 23 IL-10, 23 IL-16, 2d the 
regulated upon activation, normal T-cell expressed and secreted 
(RANTES) cytokine, 24 and IL-12. 15 Although there is controversy 
about which of these cytokines are actually secreted, 26 the eosino- 
phils, but not the neutrophils, of patients with bronchial asthma or 
atopic dermatitis show up-regulated TL-8 protein. 37 Furthermore, 
concentration* pf TL-8 in BAL fluids from asthmatic patients arc 
several times higher than in those from healthy subjects. 2 * Al- 
though IL-8 was originally defined as a neutrophil chemoattractant 
in vivo, 29 ' 30 it was found thai eosinophils show chcmotacttc 
responses toward IL-8 in vitro 31 and that this function is enhanced 
in eosinophils from antigen-challenged allergic subjects. 32 Taken 
together, these observations suggest that the increased levels of 
CL-8 in BAL fluids from asthmatic patients may be at least partly 
due to eosinophil activation that could lead to further eosinophil 
recruitment to the inflammatory site. 

In this Study, wc demonstrated that HrHRF directly caused the 
release of IL-8 or enhanced TNF-ot-induccd IL-8 secretion from 
human eosinophils and the eosinophilic AML14-3DI0 cell line, 
primed with GM-CSF. Enhancement of cytokine secretion de- 
pended on both protein synthesis and the presence of HrHRF 
throughout the culture period. Additionally, HrHRF was chemotac- 
tic for eosinophils. In eosinophils from some donors, HrHRF also 
induced calcium (Ca*"') mobilization, which was independent of 
the addition of exogenous GM-CSF or TNF-ot, 



Materials and methods 

Wc used 10 x pipcrazine diethancsulfonic acid (PIPES) buffer that con- 
tained 250 mmol/L PIPES (Sigma, St Louis, MO), 110 mmol/L sodium 
chloride (NaCl), and 50 mmol/L potassium chloride (KC1), adjusted to pH 
7.4. PIPES-albumin-glucose (PAG) buffer was made with 10% 10 x PlPHS 
and contained 0.003% human serum albumin (Calbiochcm-Novcxbiochem 
Corp, La Jolla* CA) and 0.1% D-glucose. PAG-calcium-magncsium 
(PAGCM) buffer was made by adding 1 mmol/L calcium chloride (CnCl 2 ) 
and magnesium chloride (MgClj) to PAG buffer Percoll (Pharmacia, 
Piscataway, NJ) was made isotonic by mixing 1 port 10 X PIPES with 9 
parts Percoll. This soludon was then adjusted to a density of 1 .09 g/mL by 
adding approximately 3S mL of I X PIPES to J 00 mL of isotonic Percoll 
and verifying the results with a densitometer. 33 

For preparation of cell ly sates, 1 mL of lysis buffer was used; this 
consisted of 25 mmol/L HEPES, 5 mmol/L KC1, 119.4 mmol/L NaCl 2l I 
mmol/L MgCIj, 0.5 mmol/L CaCl 2 (pH 8), 1 mmol/L sodium orthovana- 
datc, 1 % Nonidet P-40, and 20 u,L protease inhibitor mixture (PharMingcn, 
San Diego, CA). GM-CSF, TNF-a, IL-5, and RANTES were purchased 
from R&D Systems (Minneapolis, MN). 

HrHRF production 

HrHRF was subcloncd from the PGEX-2T vector by using the restriction 
enzymes EcoR\ and BamH\ used in Escherichia coll production, 6 The 524 
base-pair (bp) fragment was I i gated into the baculovirus vector pBlueBac 
III, which coexpresses (S-galactosidase, for color selection of successful 
recombination. In accordance with the manufacturer's specifications for the 
baculovirus system (MAXBAC; Inviirogen. San Diego, CA), plasmid DN A 
was transfected into Sf 9 cells for viral isolation and amplification and High 
5 insect cells were subsequently used for protein production. The insect 
cells were grown commercially on a large scale in scrum -free medium 
(Paragon Biotech, Baltimore, MD), The cell pellet from 14 L of insect cells 
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was dissolved in 400 mL of NBB bu (Ter (20 mmol/L sodium phosphate and 
500 mmol/L NaCl [pH 7.8]) to which 400 p,L of inhibitor mixture 
(PharMingcn) was added. The suspension was frcczc-thawcd twice and 
ceutrifuged at 9000 rpm for 20 minutes. Purification of the supernatant, 
which contained the HrHRF protein, was accomplished by 2-step column 
chromatography. First, the supernatant was mixed with Dc-52 (Whatman, 
Maidstone, UK) in 0.02 mol/L Tris buffer (pH 8). The flow-through was 
screened for the presence of HrHRF by sodium dodecyj sulfate- 
polyucrylamide gel electrophoresis (SDS-PAGE) and Western blotting 
using a polyclonal anti-HRF antibody generated against the recombinant 
material produced in % coH 6 Positive fractions were concentrated and 
placed on a column (Scphadcx G75; Pharmacia) in physiologic PIPES 
buffer. Again* SDS-PAGE and Western blotting were used to screen the 
column fractions. Fractions were pooled and concentrated and the bioactiv- 
iry was confirmed by using the basophil histaminc-rclcasc assay. The 
protein concentration of HrHRF was determined with a protein assay 
(Bio-Rad, Hercules, CA) and was found to be 160 u,g/mL. Because the 
molecular weight of HrHRF is 23 kd, this stock solution is equivalent to 7 
u.mol/L. HrHRF was dialyzed against physiologic PIPES buffer for use in 
all assays. HrHRF had a single band on SDS-PAGE and was judged to be 
more than 95% pure. 

Endotoxin levels in purified HrHRF were determined by a limulus 
amcbocytc lysatc assay (BtoWhitiakcr, Walkcrsvijlc, MD), according to the 
manufacturer's specifications. Additionally, endotoxin was removed from 
certain dliquots of HrHRF by using a column containing polymyxin 8 
immobilized on agarose (Detoxi-Gel; Pierce, Rockford, IL). 

Purification of eosinophils 

Granulocytes were isolated from EDTA -antic oagul ate d venous blood from 
mildly allergic donors by gradient ccntrifugation in isotonic Percoll (1.09 
g/mL). Red blood cells were removed by hypotonic lysis* and Com- 
positive cells (neutrophils) were removed with an immunomagnetic bead 
technique. 33 Eosinophils were differentiated by using high-power light 
microscopy after staining (DifT-Quick Stain Kit; Dade, Dudingen, Switzer- 
land). Eosinophil purity was always greater than 98%; in some experiments, 
it was 100%. 

Cell cultures 

Human eosinophils. Purified eosinophils were resuspended in medium 
Ml 99 (Gibco, Grand Island, NY) containing 20% fctal-caJf scrum (PCS; 
Sigma) with or without GM-CSF (10 ng/mL) and incubated for 30 minutes 
at 37°C in 5% carbon dioxide (CO2). Aliquot* of 5 X 10 5 cells were 
transferred to 48-well plates containing TNF-a (50 ng/mL or 10 ng/mL), 
IL-S (50 ng/mL), HrHRF (0.7 jJtmol/L), or a combination of these reagents. 
The final eosinophil concentration in each assay was 2 X 10 6 /mL. In some 
experiments* cither pertussis toxin (PT) or its inactive ^-oligomer (List 
Biological Laboratories, Campbell, CA) was also added (1 ng/mL each). 
After 24 hours in culture at 37°C in 5% CO2, plates were centrifuged for 5 
minutes at 1000 rpm and supematants were collected and stored at — 20°C 
until analysis by enzyme-linked immunosorbent assay (ELISa). In some 
experiments, cyclohcximidc (1 jimol/L) (Sigma) was added at the begin- 
ning of the culture. Cycloheximide did not affect cell viability as 
determined by staining with erythremia B (Sigma). 

AML14*31>tO cutis. The AML J4-3D10 subline, a gift of Dr Cassandra 
Paul (Wright State University, Dayton, OH), is a human eosinophilic 
leukemic cell line that consistently shows eosinophilic granules in 95% of 
its cells.^ Cells were cultured in RPM1 1640 (Gibco BRL, Goitbcrsbuxg, 
MO), 8% FCS, 2 mmol/L t-glutaminc, 1 mmol/L sodium pyruvate, 50 
jig/mL gentamicin (all from Biowhittakcr), and 5 X 10~ 5 mol/L mcrcapto- 
ethanol (JT Baker, Phillipsburg, NJ). Cells were incubated with the same 
Cytokines used with the human eosinophils and cultured in the same 
manner. The final concentration of cells in the IL-8 production assays was 
2 X lO^/mL. 
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IL-S determination 

Supcmatants from stimulated eosinophils were assayed with an IL-8- 
specific ELISA (Biosource, Camarillo. CA), according to the manufacrur- 
cr's specifications. The threshold for cytokine detection was 10 pg/tnL. It) 
some cases, the values obtained were compared with values determined by 
using another commercial kit (R&D Systems). No significant differences 
were observed between the 2 assays. 

Chemotaxis experiments 

Chemotaxis experiments were performed by using the modified Boydcn 
chamber technique described previously. w Briefly, 25 u,L Of PAGCM buffer 
or various concentrations of the stimuli in the same buffer were placed in 
the lower chamber in triplicate. A 5-u.m pore-sized polycarbonate mem- 
brane (Nuclcoporc Corp, PIcasanton, CA) separated the upper and lower 
chamber. Eosinophils (10 3 ) resuspended in PAGCM buffer were placed in 
each well of the upper chamber on top of the membrane. The chamber was 
then incubated for 30 minutes at 37°C in 5% CO2 and air, after which the 
chamber was disassembled. The membrane was removed, washed in PAG 
buffer to remove the nonmigrating eosinophils from the upper surface, 
scraped, and stained with Wright stain. Eosinophils from 10 high-power 
fields of triplicate wells were identified and counted. 

Ca** mobilization assay 

The C* T+ mobilization assay we used was a modification of a procedure 
described for human basophils by MacGlashan et al. 3 * Purified eosinophils 
were loaded with 1 u-mol/L Fura 2-AM (Molecular Probes, Eugene, OR) for 
30 minutes at 37°C in RPMM640 (Gibco BRL) containing 2% KCS and 
0.32 mmol/L EDTA. In some experiments, eosinophils were incubated for 2 
hours at 37°C in 5% CO2 with I ng/mL of PT or its. (J-oligomcr and Fura 
2-AM was added during the last 30 minutes of the incubation. The cells 
(5 >: 10 5 ) were washed once with PAG buffer and resuspended in 200 mL of 
PAG for loading in the microscope observation chamber. A 15-h.L cell 
suspension was placed on a siliconized (Sigma Cote; Sigma) coverslip that 
comprised the base of the observation chamber. After 5 to 10 minutes of 
settling time, the cell drop was overlaid with 1 mL of PAGCM buffer at 
37"C. The temperature, which was measured by a probe placed next to the 
settled cells, was brought to a stable 36.5°C and the stimulus (dissolved in I 
mL of prewarmcd bufTer) was added. Intracellular changes in Ca 4 "* were 
monitored with a Zeiss Axiovcn microscope with epifluorescence capacity 
as described previously. 57 

Flow cytometry to determine surface IgE expression 

Cells were incubated for 30 minutes at 4°C in phosphate-buffered saline 
containing 0.2% bovine scrum albumin (PBS*BSA) and 3.6 mg/mL human 
IgG with saturating concentrations of recept Or* specific antibody or an 
equivalent concentration of an irrelevant isotype-matched control antibody, 
Surface IgE was detected by using a fluorescein isothiocyanate-conjugated 
polyclonal goat antihuman IgE (Kirkegaard and Perry, Gaithersburg, MD). 
The l ? cef\J a chain was investigated by using an IgG) mouse an ri human 
monoclonal antibody (mAb), 22E7 (provided by Dr J. Kochan* Hoffman-La 
Roche Inc, Nutlcy, NJ). FceRU (CD23) was assessed by using mAb 9P.25 
(Immunotech Inc. Westbrook* ME). Anti-FctRl mAb 22E7 is known to 
detect the high-affinity lg£ receptor on human basophils, 3 * and unti-FccRN 
mAb 9P.25 detects the low-affinity IgE receptor on human B cells.- 19 An 
IgG 1 i so type control mAb was purchased from Sigma. Cells were washed 
with PBS-BSA, incubated with 1:150 dilutions of R-phycoerythrin- 
coojugatcd F(ab')z 8 oat antimousc IgG antibody (Biosource) for 30 minutes 
at 4°C in the dark, washed, resuspended in PBS with 0.2% BSA, and 
assayed immediately with a flow cy IOmeter (EPICS Profile II; Coulter, 
Hialeah, FL). Results were expressed as mean fluorescence .intensity. 

Cell Jysates and Western blots to determine the presence 
of the FceRI a chain 

Human basophils were isolated by negative selection using magnetic beads 
from a basophil isolation kit (Millenyi, Auburn, CA). ia Basophils (5.5 X J 0 6 ) 
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ranging in purity from 67% to 97% or AML14-3D10 cells (5.5 X 10°) were 
lysed in 220 u.L of lysis buffer for 20 minutes on ice. Lyscd cells were spun 
at 14 000 rpm for 15 minutes in an Eppcndorf centrifuge (Brinkman, 
Westbury, NY). Subsequently, 20 uX of each cell type (approximately 
500 000 cells/lone) were combined with 20 u.L of Tris-glycine 2 x sample 
buffer (Novcx, San Diego, CA), boiled for 5 minutes, and electrophorescd 
(125 V) for 2 hours on a 4% to 20% Tris-glycine gel (Novcx). SeeBluc 
molecular-weight markers (Novcx) were used as a standard. Proteins from 
the cell ly sates were trans blotted on nitrocellulose (Schleicher & Schucll, 
Kccnc, NH; 30 V for 2 hours). The nitrocellulose was blocked in 10% 
nonfat dry milk in PBS with 05% Twecn (PBS-T) for 1 hour. The blot was 
washed 3 times in PBS-T and incubated in PBS-T and 2% BSA for 3 hours 
with mAb 22E7 ascites, which detects the FctRl a chain, at a dilution of 
1 :300, After a 1 S-minvtc washing, the secondary antibody, sheep amimousc 
horseradish peroxidase (Arnersham Life Sciences, Piscataway, NJ), was 
diluted 1 ;20 000 in PBS-T and incubated for 1 hour. After the final washing 
step (6 times for 6 minutes each in PBS-T), the blot was developed by using 
SuperSignal chemiluminescent substrate (Pierce) and exposed to Hyperfilm 
ECL (Arnersham Life Sciences). 

Statistical methods 

Results are expressed as the mean = SEM. Where indicated, cells incubated 
under different conditions were compared by using the Student / test. In the 
Ca* * mobilization experiments, the Student / test was used to compare time 
points before and after the addition of the stimulus. Specifically, the / test 
was used to compare the area under the curve for a relevant time period by 
using the initial phase of the calcium response, which is important in the 
PT response. 



Results 

IL-8 production by HrHRF in eosinophils requires priming 
with GM-CSF 

To determine the optimal conditions for Cytokine production by 
eosinophils stimulated with HrHRF, freshly isolated eosinophils 
were incubated with HrHRF, TNF-a, and IL-5 alone and with a 
combination of these 3 cytokines. None of these cytokines alone 
induced significant IL-S secretion. Only the combination of TNF-a 
and IL-5 induced significant cytokine production, which was only 
400 pg/mL greater than the value for the medium control (data not 
shown). Although significant IL-8 production by peripheral blood 
eosinophils .stimulated with TNF-a alone ha$ been reported, 23 othqr 
authors showed that priming of eosinophils with GM-CSF is 
required for optimal IL-8 secretion. 211 Therefore, we tested whether 
preincubation of eosinophils with GM-CSF would alter IL-8 
secretion. Incubation of eosinophils from 4 separate donors with 
GM-CSF for 30 minutes before stimulation greatly enhanced the 
responsiveness of these cells to TNF-a but not to IL-5 (Figure I). In 
the presence of GM-CSF, HrHRF induced some TL-8 production 
above the value for the medium control; however, HrHRF en- 
hanced IL-8 secretion induced by TNF-a or IL-5. The magnitude of 
the enhancement with HrHRF and TNF-a wa$ greater than that 
with HrHRF and IL-5. Additionally, this enhancement of IL-8 
production was comparable to that induced by the combination of 
TNF-a and IL-5 (Figure I). 

Although the HrHRF preparations produced in fcaculovirus used 
for these experiments contained low but variable amounts of 
endotoxin, we do not believe that contaminating endotoxin ac- 
counted for our results. Although there i$ one report that 10 ng/mL 
of lipopolysaccharide (LPS) induced IL-8 secretion from human 
eosinophils, 40 we used a polymyxin B column to remove endotoxin 
and our HrHRF preparation contained 10 000- fold less endotoxin 
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Fig lira 1. Augmentation of tntarieukln (IL) 8 production in eosinophils primod 
with granulocyto-nucrophago colony-stimulating factor (GM-CSF). Cells were 
prcincybotod in 10 ng/mL GM-CSR After 30 minutes, oGquote wore distributed in 
wells containing medium, 50 ng/mL tumor necrosis factor a (TNF-cO, 50 ng/mL IL-5, 
0.7 iunol/L human recombinant histamlne-rel easing factor (HrHRF). or a combination 
of these cytokines, as Indicated on the x-axis, After 24 hours of, culture, supematants 
were collected and IL-8 content was determined by enzyme-linked immunosorbent 
assay (ELISA). *P < .OS compared with cells Incubated with medium alone (4 
experiments). 

than the amount reported as necessary to induce IL-S. Thus, 
HrHRF that contained 8.5 ng/mL of endotoxin on limulus amcbo- 
cytc lysatc assay was placed on a Detoxi-Gcl column containing 
polymyxin B immobilized on agarose and an 8500-fold reduction 
in endotoxin was achieved. This resulted in a barely detectable 
level of 1 pg/mL of endotoxin in the assay with eosinophils. 
Additionally, preparations that contained almost undetectable 
amounts of endotoxin (1 pg/mL) behaved similarly to those with 
higher levels of endotoxin (350 ng/mL). Moreover, when prepara- 
tions of HrHRF containing 350 ng/mL of endotoxin were used, 
LPS at a concentration of 350 ng/mL did not reproduce the results 
(n = 4, data no I shown). 

Although HrHRF alone did not significantly increase IL-8 
production in the 4 donor samples used to produce the results 
shown in Figure 1 , there was a trend toward an increase. Therefore, 
wc examined samples from additional donors. In 12 experiments 
using eosinophil samples from 7 different donors, HrHRF induced 
significant production of IL-8 by eosinophils primed with GM- 
CSF, even in the absence of TNF-a (Figure 2). All 12 experiments 
are plotted in Figure 2, and the same symbol is used to depict 
samples from the same donor. Although there was some variability, 
mean IL-8 levels were 250 ± 1 36 pg/mL without stimulation and 
682 ± 202 pg/mL after exposure to HrHRF; thus, HrHRF signifi- 
cantly increased production of IL-8 (P < .03). Because of these 
results, priming orcoculturc with GM-CSF was used in subsequent 
experiments that demonstrated IL-8 production from eosinophils, 
the Ca ++ experiments, and the studies with AML14-3D10 cells. 
Additionally, the kinetics of cytokine production was studied by 
collecting supematants of stimulated cells at 5, 16, and 24 hours. As 
shown in Figure 3, the kinetics of IL-8 secretion was similar 
regardless of the stimulus used and reached a plateau level in less 
than 24 hours. 

IL-8 production by eosinophils requires protein synthesis 

It is known that some cytokines are both stored in a preformed state 
in granules and newly synthesized. For example, TNF-a is released 
from mast cells after cross-linking FceRI as a result of both release 
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Figure 2. Induction of IL-8 secretion by HrHRF alone In eosinophils primed with 
GM-CSF. Eosinophils were treated with GM-CSF and placed In medium alone or with 
0.7 )imoi/L HrHRF. and trie supematants were tested for IL-8 content Twelve 
experiments using samples from 7 donors are represented. Each experiment a 
plotted; the same symbol is used to depict samples from Ihe same donor. There was □ 
significant difTerenco in IL-8 production between HrHRF-slimulalad cells and controls 
(P < .03). 

from preformed cytoplasmic granule stores and de novo synthe- 
sis. 41 We questioned whether de novo protein synthesis is required 
for cytokine-induced TL-8 production from eosinophils. Stimulated 
eosinophils were incubated in the presence or absence of 1 u.mol/L 
cycloheximide. As shown in Figure 4, cycloheximide inhibited 
IL-8 production by all the stimuli. However, in 2 of 3 experiments, 
the combination of HrHRF and TNF-a induced small but measur- 
able amounts of IL-8 from cycloheximide-treated cells. Because 
cycloheximidc did not decrease cell viability, the decrease in 
HrHRF-stimulated IL-8 production was probably due to decreased 
protein synthesis. 

Continued presence of HrHRF In cultures is necessary 
for enhanced IL-8 production 

We questioned whether incubation of eosinophils with HrHRF for 
short periods would provide the necessary signal to enhance IL-8 
secretion induced by TNF-a. Therefore, eosinophils treated with 
GM-CSF were incubated for 1 hour with medium or HrHRF, 
washed, and stimulated with additional medium or TNF-a without 
HrHRF. The culture continued for 24 hours. When HrHRF was 




Figure 3. Kinetics of IL«3 production. Eosinophils were Incubated with GM-CSF for 
30 minutes and then stimulated for S hours {open bars), 16 hours (gray oars), or 24 
hours (closed bars) with the cytokines Indicated on the x-axls. An experiment 
representative of 3 is shown. 
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Hgure 4. IL-3 production Is dependent on protein synthesis. Eosinophils woro 
incubetea In the presence of GM-CSF and cyctoheximido (1 vonol/L; opon b«»ns) or 
GM-CSF alone (dosed bare). After 30 minutes, ceils were transferred to wells 
containing the stimuli Indicated on the x-axJs. Twenty-fourbovrs later, the IL-8 content 
of the supematante was determined by EUSA (3 experiments). 

present during Only the firsi hour of culture, no enhancing effect on 
TNF-a-induccd IL-8 production was observed (1963 pg/mL 
versus 1778 pg/mL). In contrast, when HrHRF was present 
throughout die culture period, 3913 pg/mL of IL-8 was generated. 
Decreased TL-8 production in cells primed with HrHRF was not a 
consequence of cell washing because comparable levels of IL-8 
were produced in cultures that had been washed and then 
replenished with the appropriate cytokines (3848 pg/mL versus 
3913pg/mL). 

production by stimulated eosinophils is inhibited by a 
modulator of Got, protein activity 

Wc previously found evidence that HrHRF-induccd histamine 
release from human basophils is insensitive to PT, a known 
inhibitor of G proteins bearing an otj subunit. ,J In contrast to these 
results with basophils, PT (I ng/mL) moderately reduced IL-8 
Secreu'on from GM-CSF-primed eosinophils that was induced by 
HrHRF, TNF-oc, or the combination of HrHRF and TNF-a (Figure 
5). Tins reduction was a consistent finding. To provide a control, 
cells were also stimulated in the presence of the PT p-oligomer that 
does not affect G04 function. Tn the experiments shown in Figure 5, 
the PT p-oligomer did not affect IL-8 secretion induced by the 
various stimuli. These experiments used a suboptimal concentra- 
tion of TNF-a (10 ng/mL), which was also shown to have synergy 
with HrHRF for IL-8 production. 

HrHRF induces Ca ++ mobilization in eosinophils from some 
donors that is inhibited by PT 

Because human eosinophils arc known to possess the receptor for 
GM-CSF, 42 wc investigated the effect of HrHRF on the Ca+ + 
response in the absence of GM-CSF. Unlike the previous experi- 
ments, the initial Ca ++ experiments did not include use of 
GM-CSF to prime the eosinophils. Figure 6 shows the average 
Ca+ + response of eosinophils (4 different donors) prcincubatcd 
with HrHRF in the presence of PT or the PT ^-oligomer. HrHRF 
induced an elevation in Ca*"' in eosinophils preincubated with the 
PT p-oligomcr (P < .05), whereas in cells pretrcatcd with PT, the 
Ca ++ response induced by either HrHRF or platelet-activating 
factor (PAF), the positive control, was completely ablated. Under 
these experimental conditions, Ca ++ mobilization occurred in 4 of 
6 samples from different donors tested. However, in samples from a 



total of 9 donors examined over months, Ca^* responses to HrHRF 
occurred in only 25% (9 of 36 experiments). The lack of 
responsiveness of some cell preparations was not due to a general 
inability of the cells to mobilize Ca" l_+ because eosinophils always 
responded to stimulation with PAF, regardless of the effect of 
HrHRF. In general, the HrHRF-induccd Ca + * response was less 
vigorous than that induced by PAF. 

Because HrHRF induced a Ca** response only 25% of the 
time, we subsequently prcincubatcd the cells with GM-CSF. 
Preincubation of cells with GM-CSF, TNF-o, or both did not 
change the response to HrHRF, nor did it induce Ca ++ mobilization 
in cells otherwise unresponsive to HrHRF (data not shown). Again, 
LPS used at concentrations of up to 500 ng/mL as a control for 
endotoxin in the preparation failed to induce Ca ++ mobilization in 
eosinophils (data not shown). 

HrHRF Is chemotactfc for human eosinophils in vitro 

Tcshima ct al 43 reported that recombinant p26 HRF injected into 
the peritoneum of ovalbumin-scnsitizcd mice caused eosinophil 
recruitment within 4 hours. Because of this report, we performed 
eosinophil chemotaxis studies. Purified eosinophils were Stimu- 
lated with HrHRF or PAF, and chemotaxis was assessed by using 
Boyden rnicrochambers. In 3 experiments, the number of eosino- 
phils migrating in the medium-control condition was 24 T 4. The 
number of eosinophils migrating in response to HrHRF (0,4 
u-mol/L) was 54 2: 14, or 225% of the medium-control value; to 
HrHRF (0,24 u,mol/L), 58 ± 6, or 243%; and to HrHRF. (0.12 
u.mol/L), 1 8 ± 7, which was not above the medium-control value. 
In comparison, the results with the 2 positive controls were thai 
473 ± 65 eosinophils (1971%) migrated in response to PAF 
(10" 7 mol/L) and 157 x 105 eosinophils (653%) migrated in re- 
sponse to RANTES ( 1 00 ng/mL), 

rHRP stimulates IL-8 production In the human eosinophilic 
cell line AMI14-3D10 

To demonstrate the effect of HrHRF on an eosinophilic eel I line, 
AML14-3DIO cells were stimulated in the presence or absence of 
GM-CSF. Results were similar to those achieved with human 
eosinophils in the presence of GM-CSF: HrHRF stimulated IL-8 
production to a level 2224 pg/mL above that with medium alone. 
Unlike eosinophils, AML14-3D10 cells did not need priming with 
GM-CSF for this to occur. This is not surprising, since these cells 
produce and use GM-CSF in an autocrine fashion. 44 Even in the 
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Figure 3. Pertussis toxin Inhibits (t-8 secretion by eosinophils. Cells were 
stimulated with TNF-ci {1 0 ng/mL), HrHRF (0.7 nmol/D, or both In the absence (open 
bars) or presence of 1 ng/mL of either PT (cioseo bars) or its Inactive a-ollgomer 
(stippled bars). Data are the mean values from 2 experiments. 
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Figure 6. Changes tn cytosoltc free calcium In 
response to HrHRF or a known positive stimulus, 
PAF. Eosinophils wore prcincubatnd with cither the 
inactive fj-oligomcr pf PT (panels A,B) or PT (panels 
CO) and leadod with Fura 2-AM. Cells were then 
stimulated (arrows) with 0.7 junol/L HrHRF (panels 
A.C) or 1 fimolA. PAF (panels 6.D). The average 
calcium response ♦ SEM (vertical bars) of eosinophils 
from 4 donors is expressed as tho rcblivo change in 
Fura 2«AM saturation, P valves indicate differences 
botwoon 8 timo points before and after the addition 
of stimulus, 



absence of GM-CSF, HrHRF produced a level of IL-8 in the 
AML14-3D10 cell line that was 1217 pg/mL above that with the 
medium control (n = 3), 

The effect of HrHRF on eosinophils and AM LI 4-3 D1 0 cells 
is not dependant on IgE 

It was previously reported that human eosinophils do not express 
FceRIa but do have an intracellular pool Of it. 17 We reproduced 
these data: our flow cytometry studies detected no extracellular 
expression of IgE, FceRIct, or FceRJI on either human eosinophils 
or AML14-3D10 cells (data not shown). Wc next investigated 
whether the AML14-3D10 cells, like human eosinophils, had an 
intracellular pool of Fc«=RTct, Western blot analysis of AMLJ4- 
3D10 cell lysatcs incubated with a mAb specific for FceRIot 
showed no band, whereas the matched, positive-control basophil 
lysates had a distinct band of approximately 50 led (Figure 7). 
Therefore, unlike human eosinophils, AML14-3D10 cells have no 
detectable FceRIa. Thus, HrHRF activates eosinophils andAML14- 
301 0 cells through a mechanism that docs not depend on IgE or the 
Fc«RI receptor. 



Discussion 

The principal findings Of this study are that HrHRF can activate a 
cell type other than the basophil and that it acts like a cytokine. Our 
experiments demonstrated that HrHRF causes IL-8 production 
from eosinophils and AML14-3DI0 cells primed with GM-CSF 
and from AML14-3D10 cells in the absence of GM-CSF- Addition- 
ally, HrHRF is chemotactic for eosinophils in vitro in the absence 
Of GM-CSF, although it is not known whether the concentrations 
required for chemotaxis have in vivo relevance. HrHRF also 
induced Ca^" 1 " mobilisation in a subset of allergic donors in the 
absence of GM-CSF coculture. Because there was no difference in 
viability or cell number in cultures incubated with GM-CSF, we 
believe that GM-CSF may provide an activation signal allowing 
cells to respond to HrHRF, TNF-a, or both. Only the combina- 
tion of TNF-a and TL-5 induced significant TL-8 production 
in eosinophils not primed with GM-CSF. However, even in this 
case, priming with GM-CSF greatly enhanced the magnitude of 
the response. 

The necessity of GM-CSF for IL-8 secretion from eosinophils 



Stimulated by other stimuli, such as RANTES or PAF, was reported 
previously. u In contrast, Nakajima et aP showed that preincuba- 
tion with GM-CSF was not required for IL-$ secretion from 
eosinophils when 25 ng/mL TNF-a was the stimulus. Although 
slightly different experimental conditions were used, one major 
difference between their study and Ours was the inability of TNF-ot 
alone to induce IL-8 secretion from GM-CSF-primed eosinophils. 
The reason for this difference is unclear, although it might be 
explained by the source of the eosinophils. We routinely used 
eosinophils from mildly allergic donors, whereas the cells used by 
Nakajima et al were primarily from healthy donors. Of note, 
Nakajima et al 23 also reported a significant enhancement by IL-5 of 
IL-8 induced by immobilized immunoglobulin, as well as a 
nonsignificant tendency of IL-5 to enhance TNF-ct-induccd IL-8 
release. This parallels the results with the combination of HrHRF 
and TNF-a or TNF-ot and IL-5 in our experiments. 

In addressing the specificity of HrHRF activation of eosino- 
phils, we also considered the following. Human eosinophils 
express Mac- 1 (CD1 lb), 45 a molecule capable of binding various 
ligands, including LPS. 46 Our finding of no difference in IL-8 
production between experiments using preparations containing 
barely detectable levels of endotoxin and experiments using 
preparations with high endotoxin levels rules out endotoxin as the 
stimulus for the results observed. Additionally, although both 
neutrophils 47 and monocytes 48 were previously shown to secrete 
IL-8 on stimulation with TNF-a, it is unlikely that these cells were 
responsible for the IL-8 production in our eosinophil preparations. 
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Figure 7. Wostorn blot of C«N h/sato* incubated with monoclonal antibody to 
tha Fc«RJ a chain. For this experiment, 6,5 X 10* basophils or AML14-3D1Q cells 
wore lysod. and 500 000 cells per lane were loaded on a gel. electro ph ores ed, and 
assessed by Western blot analysis. Basophils have a band of approximately 50 Kd 
Ihot corresponds to FctRIa; this is absent in the AML14-3D10 cells. Results shown 
ere representative of 3 oxporimcnts. 
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Although eosinophils with greater than 98% purity were used in ail 
our experiments, purity was essentially 100% in some experiments, 
and no differences in 1L-8 production were observed. 

It might be argued that IL-8 production by HRF that requires 
GM-CSF and TNF-a is only an in vitro phenomenon. However, 
HRF has been found in nasal lavages obtained during antigen- 
induced LPR 49 and in fluids from skin blisters. 50 Additionally, 
GM-CSF protein was a predominant cytokine in skin-blister fluids 
associated with LPR after an antigen challenge, 51 and levels of 
messenger RNA (mRNA) for GM-CSF were significantly elevated 
in the bronchial mucosa of asthmatic subjects compared with 
healthy subjects, 52 Furthermore, activated T cells 53 and eosinophils 
in vivo 54 have been reported as sources of GM-CSE Although it 
remains unclear which signals induce GM-CSF production in 
eosinophils, it was shown that eosinophils from BAL fluids., but not 
from peripheral blood, have rnRNA for GM-CSF. 54 In antigen- 
challenged lungs, TNF-a can be released from mononuclear cells 
stimulated with IgE and antigen complexes 55 and possibly from 
activated ma$t cells. 56 Indeed, TNF-ot was found at significantly 
higher concentrations in BAL fluids and sputum of symptomatic 
allergic subjects. 57 * 38 Therefore, we speculate that after exposure to 
an antigen, the appropriate cytokine environment would be avail- 
able for enhancement of IX-8 production by HRF. 

HrHRF induced increases in intracytoplasmic Ca ++ that were 
completely ablated by preincubation of eosinophils with PT. 
However, the Ca ++ responses induced by HrHRF were observed in 
only 25% of donors. The reason for this low response rate is 
unclear. It may have been a consequence of variability among 
different eosinophil preparations. It is unlikely that it was due to 
differences in expression of a putative HRF receptor because 
HrHRF always had an effect on cytokine production that was 
independent of Ca ++ mobilization. 

It is intriguing that both secretion and Ca ++ mobilization in 
eosinophils induced by HrHRF were inhibited by PT, whereas the 
HrHRF-mduccd histamine release from basophils from IgE"* 
donors was not inhibited by PT (data not shown). One possible 
explanation for these findings is that there may be differential 
HrHRF signaling in these 2 cell types. There is precedent for this. 
The CC chemokinc, R ANTES, showed 2 types of Ca ++ signaling 
in T-cell lines. 39 The initial transient peak was sensitive to PT, 
whereas the second, delayed Ca** peak was inhibited by protein 
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